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. OF ’I‘HE BELL MX- 776
By De.vid n Micha.l and. Grady L. Mitcha.m

S : Y

. An :anestiga.tion of the sta.tic longitud.ina.l eta.bility, sta.tic d.irectional
sta.bility, and aileron control characteristics at transonic and supersonic

~ " 'j speeds is being made of l-sce.le rocket-propelled mod.els of- the ‘Bell MX-4776 L
6" ,

A sta.bility investige.tion he.s been' made of two symmetrica.l mod.els with AR
-+ controls undeflected and centers of gravity one-half and one-body diameter, -

respectively, ‘ahead of the equiva.lent design center- of-gravity location ‘

of the full-scale version. Both models developed la.rge normal-force

coefficients in both the su'beonic and supersonic ranges which indicated.

longitudinal Instabllity at low. a.ngles of attack. The side-force

- coefficlents were small for both models .and indicated that the models were

directiona.lly stable. A possible tendency toward dynamic directional

insta.bility in the transonic: region was indica.ted by short-period o

oscillations of the sid.e forces. ,

The results ehowed a partial-spa.n inboard a.ileron to 'be ineffective
‘or to cause nega.tive control An the transonic region when def'lected.
: a.pproximtely 5° but not when deflected 10°. ° An investigation of drag
. showed 1t. to increa.se with a rearward movement of the center of gravity.
) This indicates -an increase in the’ trim a.ngle of a.tta.ck ag could 'be caused
P by a d.ecrease in sta.tic stability :

. mmdnmmion

" At the request of the Air Ma.teriel Conme.nd. Arnv Air Forces the
a Langley Pilotless Aircraft Resea.rch Division is conducting tests S
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-6--sca.1e models of the Bell MZ-776 at the NACA Pilotless Aircraft-

Research Ste:bion, Wellops Island, Va. The purpose of these tests 1s to .
: investigate the static 1ongitud.1na.l stability, static directional. stabllity,
™ and“aileron control-characteristics of the MX-T76. This paper covers the
’flights ‘of six models which were launched during a 3-month period that
‘ended in September 1948. Models 1 and 2 were instrumented to measure
,snormal and transverse a.cceleration and were flown with 0° deflection of ,
. tHe:control: surfaces. .Models .3, 4, 5, and 6 were instrumented to measure -
: rolling velocity and were flown with ailerons deflected O° 4.7°, 10. O°

"aml 4.6° ; respectively. , - .

: Scane drag data were- obta.ined. fram all but one flight. ‘ The 'Atests
. were conducted by means of f‘ree-flight techniq_ues descri'bed in refer-'
"encee l and. 2. '

_R‘eynolds- number Based on a body dismeter (0.473 £t).

tip hel:Lx a.ngle dlens”

’ rolling ve ocity, 'ra.dia.ns per second. -

| '~,“y"diameter of circle swep'b by wing tips (2 072 ‘ft)

: '.Ut;‘flight-pe.k y ,elocity, feet per second.

gv'2’ i L
body fronta.l area (0. 1758 8q. ft) |
"‘?t__i.norxm.l—force coefficient (W).

orce coefficient (__Sid.: S; orce\

'Lf"‘.vjdyxmmic pressure, pound.e/squa.re foot

x.'f‘:~_~'d.ensiiw, slugs/cubic foot

‘ "'.va.vere.ge a.ileron d.eflection measured in the free strea.m direction
: d.egrees R 3 _

‘i‘veight of mod.el pound.s RAR DR , o " -
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Coap noﬁml acceleration; feet-per "s'econd.-per second.

: a.:’r transverse a.ccelera.tion, feet per second per second
8 accelera.tion due to gre.vity, feet per second, per second

MODELS AND T]!S'I’S

Mod.el,s L

' The %—sca.le mod.els used. for this investigation were supplied. by"f

‘ ’ ‘the Mx-776 contra.ctor. ‘I'he fuselages were constructed. of ba.lsa vood with
o7 aluminum' castings ‘to serve as mounts- for the metal wings and tails. The ~ .
S »nose sections were m.de of plexiglss and contained. a sma.l_l radio tra.nsmitter. .

. Figure l shows a. three-view d.rawing of the mod.el The pertinent B
general speci_fica.tions are given in table I, and the model characteristics
are given in table II. The areas given in figure 1 include wing areas - :

' obtained by extend.ing all leading and trailing ‘edges to body center line.

The center of gravity shown in figure -1 is the correspond.ing full-scale- :

'..v‘.'.design 1oca.tion. For the mod.els covered by.-the present paper the' centers S

- of gravity were located forward of this point as indicated in teble II i
s Photographs of one of the mod.els are shown in figures 2 to 1& R

, . The" mod.els were propeJJ.ed. by -a two sta.ge rocket-propulsion system

Do to'a. Ma.ch number of a.‘bout 1.7 - The booster delivered. 3100 pounds of-

L thrust for 1.5 seconds, a.nd. the suste.iner motor developed 2000 pound.s
-‘v_of thrust for 0. 9 second o N

Tests

, o The mod.els were- ls.unched from a ra.il type la.uncher (fig 3): set e.t
. -an-elevation. angle of approximately 600, The flight-path velocity wa.s L
gensrally obtained. with a contin.uous-wave Doppler velocimeter radar -
“unit. For the lower speed. ranges of some"of the models, the velocity I
. wes calculated using drag data. measured. for the other models. Atnospheric o
‘" data were obtained by the use of radiosondes. Models 1 and 2 were .. -
equipped with two-chamnel nose-type telemeters thst tra.n.smitted. continuous o
- signals of nornnl and transverse acceleration to two. ground stations.
_p.'These stations record.ed. the signals in the form of time. histories. , The =
~° accelerations were measured. relative to the center line of the mod.els. '
ST :;Time histories of the rolling velocity were obtained with spinsond.e
- ..  radio equipnent for the four aileron-effectiveness models. A plot of
P ,Beynold.s number against Mach number shown in figure 5,. ind_ica.tes the
sca.le of the tests., .
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.-7~ B : Ma.ch number was d.etermined by use of ra.d.ioeond.e date and Doppler
i ¢ «MWflightw-pa.th svelocity: The values -of normal and transverse accelerations
‘ obtained from the telemeter time’ histories for the deceleration pha.se
of the flights were converted to coefficiernts 'by the rela.tionshipe ‘

Wa.n

Cy = :
N  oSFe

o "%Srs .

The ra.tes of roll Prom the spinsond.e time histories were used to obta.in',"?
“tip helix angles as functions .of Mach number. - The values of drag were =
ob'ba.ined. by the graphic d.ifferentiation of the curve of Doppler flight-
pe.th velocity a.gainst time. ‘ ‘ ‘ _ ‘

'FACEURAéYi"H.

The ‘a,.ocim"acyvof the -teeté 15 estimated to be withinthe following i

T : ‘CN,, ;j. .i; .‘, R .:i';', . e ;>,‘. .. ,'.ng; ;1; ¢ e ; N #Q.O65 l'i:
'! GY e - e e o o . :Q'. . e ‘o e e e oo-- . -"-‘:. .".....‘c;- *0-032
. ' C e e e e e e e e e e e . $0,001
o .-v-‘ ‘e ‘s e @ e. o --. -,-v-"- v:-p".".'..” ) fo 02 o

- e ‘.j . ',_: SR m o1

RESUL'IS Am)‘ DISCUSSION |

‘ Sta.bility

* " 'The data obtained from ‘the flightof 'i:ib'dei i are. shown in figure 6
- ag va.riation of normal-force and side-force coefficients wlth Mach number.
Although the center of gra.vity of thie model was one-half body diameter
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. a.hea.d. of the design location and a.ll controls were neutra.l the model
developed ls.rge norma.l forces which at. scme speeds exceeded the limit
of the measuring instrument The actual normsl-force coefficients could
be determined only for the Mach number ranges from O. 76 to 0.95

.~ and 1.65 to 1.69. Inasmuch as the normal acceleration exceeded the

~ ' limits of the instrumentation in the Mach number range from 0.95 to 1. 65,
.+no -values for.-.Cy - were obtained in-this range, but the maximum valus of

" normal e.ccelera.tion for the instrumenta.tion was used to indicate the

. minimum. possible Cy . a8 shown by the dash part of the curve in figure 6.

o Model 2 was similar to ‘model 1 with the exception of the center-of-gra.vity
' 'loca.tion which was approximately one body dlameter ahead of the design
'center of gravity. The data for model 2 are presented in figure 7. _
The va.lues of C were sma.ller for model 2 than for model 1 for corresponding

R Ms.ch num'bers which indicated that ‘model 2 was trimning at smaller angles

of attack. For model 2 the change in sign of Cy ata Mach number

.of approximtely 0.925 indicates that the model wasg distm"bed and changed

" from a trim point at a positive angle of attack to one at a negative a.ngle

,-of a.ttack. ‘No. force data were obtained in the Mach number range

- from O, .95 %0 0.97 a.nd is 86 indicated in figure 7 by dash lines. Unpublished_.

. :_supersonic wind-tunnel data showed a model with the. center of gravity at

© - .the design location to be umstable at angles of attack near 0°, with trim

" points at approximately #6° at a Mach number of 1.28 and 3O at a Mach
- number of 1.72. The values of CY (figs 6 and.'T) were sufficiently small.

L ._throughout the speed. range of the tests to indicate static directional o

T stability. ']me fact that short-period oscillation of the side forces R

v . occurred as ‘the- models decelerated through. the trensonic region indicates -

B - possi'ble tendency towa.rds dyna.mic d.irectional insta.bility in this region. -

Aileron Effectiveness

' The results of the data obta.ined from the flights of medels 3, h 5,
 and 6 are shown in figure 8 as plots of pb/2V - against Mach mumber. =~ .
 Doppler flight-path velocity was obtained for a Mach number range -
-~ from 1.26 to 1,48 for model 3, frém 0.95 to 1.73 for model 4, and
. ‘from 1.18 to 1. 78 for model 5. Doppler flight-pa.th velocity was not:
' obta.ined for model 6. Tip helix angles were ‘derived for each model by
L using these velocities and the. rolling velocities obta.ined from the
spinsonde records Thede curves of pb/av were extended by using IR
. calculated flight-pe.th velocities in ‘conjunction with the measured rolling ‘
: fvelocities The results from the test of a partial-span inboard aileron
*~ deflected L. 7° (model &) showed that the rolling. effectiveness decreased.
_;;-a.bruptly in the Mach num‘ber ‘range from O 85 o 0.95.: The direction of
. roll was’ reversed in the’ lh.ch nunber: range between O, 93 and 1. 07 and
"showed & gra.dua.l increase in aileron rolling effectiveness up to & Mach
_ - number of 1.40.. The results of the test of +the same aileron configuration
. .deflected L4.6° (model 6). showed the same general. characteristics except in
Athe Mach number range fram 0.93 to 1.07. In this Mach number range model 6
showed an a.]most ~complete loss of ailleron control but no actual control
’reversa.l The. results of the same aileron configm'a.tion deflected 10.0°
"(model 5) showed no reversa.l but showed an a.brupt decrease in rolling

. L . N e
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,‘ . . effectiveness in the Mach number range ‘:froin'(:) 85 to O. 90 a.nd a gra.dual
e " decrease in ro]_'l.ing effectiveness up to the meximum Mach number tested
e ' of l 78 '

R % D O I TR

L 'I‘he exa.ct d.ra.g of the configuration cannot be eva.lua.ted. because of

‘ the erratic flight caused by the instability of the models., The a.pproximte
d.ra.g data rresented in figure 9 as variation of drag coefficients with -

. Mach number show the more stable ‘models (models 2 a.nd. 3) to have had

less drag than the others and therefore must have been . trimming a.t smaller
e.ngles of a,ttack.;_ : , e

.‘.‘dcﬁcLupnv'G'Rmxs'] IARKS

: The present MX 776 has a. region of static longitudina.l insta.bility o

© near 0° angle of attack. This region appears to be largest in the
transonic range and to: decrea.se with an increase in Mach number in the
supersonic. range. The configuration appeared to be sta.tica..‘Lly sta.ble
directionally with the possibility of & tendency toward dynamic -- - -
directional instability in the’ tra.nsonic range. Additioml tests are.
pla.nned. for mod.els modified to improve the sta.bility L :

La.ng]_ey Aeronautica.l La.bora.tory LR
National Advisory Committee for Aerona.utics
Iﬂnsley Air Force lhse Va

o Da.vid.H Michal - e
Aerona.utica.l Resea.rch Scientist o

. GradyL Mitcham
) Aeronautical Engineer

Approv ed. :

Robert R Gilruth
Chief of Pilotless Aircra.ft Resea.rch Division
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1 Sa.nda.hl Ca.rl A, a.nd. Ma.rino Alf‘red. A.: Freo-Flight Investigation of
Con'brol Effectiveness of Full-Spa.n 0.2-Chord Plein Allerons at High
‘ Subsonic, Transonic, and Supersonic Speeds to Determine Some Effects
of Section Thickness a.nd. Wing Sweepba.ck NACA RM No. L7D02, 191&7

S 2. Ale:m.nd.er, Sidney R.. - Flight Investiga.tion to De'bermine “the Aerodqm.mic
. Chaxacteristica of Rocket-Powered Models Representa.tive of a Fighter-
Iype A:Lrpla.ne Configura.tion Incorpora.ting an Inverse-Ta.per W:Lng a.ni o
a. Vee Tail NACA RM No.__ L&}29, 191&8 ‘




TABLEI

GMAL SPEC IFICATIOIB

EFuselage- Over-all 1ength 68.637 n.; 5 maximum diameter, | .678 m
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TKBLE II

MODEL CHARACTERISTICS DURING THE UNPOWERED

e PQRTION OF TEE FLIGHT

[Station numbers correspond to distance
in in. from point of nose]
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Figure 1.— Geﬁera]_.'"arrangement of %—scale MX~TT76 rocket—powered flight—tést model.
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Figure 2.— ME-776 rocket—powered flight—
; ' ' test model. - = - -
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Figuré',3.—,bMod.vel and booster on launcher,
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- Figure 1&- »IAf"b horizontal wing with partial-epan inboard 'é.bile.r;on.
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Reynolds number, R
S s
E\

\

6 7 B .9 10 W 12 L3 L4 15 16 L7 18 19
L B ~ Mach number, M o

Figure 5.— Va:rlation of Reynold.s number with Mach number for the range of climatio conditions
' : - encountered during. the tests.
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Figure 7.— Variation of normal-—force . coefficient and side—force coefficient with Mach number;
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